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Background: The aim of this study was to analyse the number of root canals in 
maxillary first premolars, first molars and mandibular first molar teeth from an 
18th to 19th century Radom (Poland) population, and then assess whether the 
diversity of root canals has fluctuated for about two hundred years. 
Materials and methods: A total of 139 human permanent teeth were analysed 
by cone beam computed tomography in three projections. The types of root canal 
systems were classified in each tooth root separately.
Results: In one-rooted maxillary premolars, two canals occurred most often (53%). 
In two-rooted majority buccal (91%) and every palatal roots there is one canal. All 
three-rooted maxillary premolars have one root canal. In two-rooted first maxillary 
molars, fused roots have two canals. All mesiobuccal roots presented type 2-1 
canal configurations. In three-rooted maxillary first molars in the mesiobuccal 
roots the most common root canal type is 2-1 (72%). A second mesiobuccal 
canal occurred in 86%. The distobuccal and palatal roots presented one canal in 
all cases. First mandibular molars occurred in two-rooted form in 98%. In mesial 
roots, two root canals predominated (59%). Most distal root (66%) had one canal. 
In three-rooted teeth one root canal was the most frequent finding.
Conclusions: Knowledge about the variation in root canals is important in studies 
of past populations. This evidence may be important in relation to assessing the 
variability of human populations. The analysis carried out show the cohesion be-
tween the historical population of Radom and other groups from modern Poland. 
(Folia Morphol 2019; 78, 4: 853–861)
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INTRODUCTION
In endodontics the anatomical complexity of ex-
ternal and internal tooth roots in human permanent 
dentition has been studied, identified and a naming 
system was formulated [21, 28]. Accurate knowledge 
of the variability, the number and the morphology 
of root canal systems is essential during endodontic 
treatment [13]. However, such studies are usually 
restricted to studies of contemporary populations 
[3, 50]. To our knowledge studies of internal mor-
phology in historical populations’ dentition, espe-
cially described root canal systems, are very rare and 
only occasionally discussed [11, 35, 36]. One of the 
reasons is the often poor preservation of archaeolog-
ically derived human remains due to diagenetic and 
taphonomic changes that occur to bones and teeth 
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after the death of an individual [53]. However, those 
analyses can provide a vital source of information for 
bioarchaeological research [33]. Knowledge about 
the diversity of root canal systems let to characterise 
populations’ variability.
The causes of root canals diversity observed 
among human populations are still discussed. Many 
studies prove that the variation in root canal systems 
is connected with the different “racial” populations. 
There are several dental differences between popu-
lations around the world that are manifested in the 
internal morphology of teeth. The relative prevalence 
of some traits could characterise and differentiate 
ethnical human groups [14, 41]. And, these analyses, 
from the point of bioarchaeological studies, seems to 
be the most interesting. However, age at individual, 
dental wear or some diseases (such as taurodontism 
dentinal dysplasia, thalassemia and irradiation during 
odontogenesis) also cause changes in the develop-
ment of root canals [20, 39]. 
Taking into account the diversity of root canals, 
it seems that in bioarchaeological research attention 
should be focused on some types of teeth. Maxillary 
first premolars exhibit variable root canal morphology 
and pulp cavity configurations. The three-canalled 
form of these teeth resembles the adjacent molars and 
they are therefore sometimes called small molars [2]. 
Similarly, important to the examinations may be maxi-
llary first molars. They are one of the most complex 
teeth on the strength of their multidimensional exter-
nal and internal morphology [27, 49]. The presence 
and anatomic configuration of a second mesiobuccal 
root canal, heterogeneous due to sex and age, in 
these teeth has generated more clinical investigations 
and research than any root in the mouth [9, 46]. 
Another type of tooth with a number of anatomical 
variations is mandibular first molars [1, 5]. Due to the 
high carries susceptibility and diversity of root canal 
numbers, this is often the most heavily restored tooth in 
adult dentition. Moreover, the mesiobuccal canal tends 
to manifest the greatest degree of curvature [4, 28].
The purpose of this study was to investigate 
morphology, possible variability or permanence of 
root canals in the 18th–19th century teeth belonging 
to historical population from Radom (Poland). Lack 
of research on this topic in historical populations 
prompted us to carry out such analyses. The question 
is whether the morphology of root canals of selected 
teeth in this historical population for about 200 years 
has fluctuated in relation to the morphology of root 
canal systems in the teeth of contemporary popula-
tions from Poland. 
MATERIALS AND METHODS
The dental material came from the Radom cem-
etery dated within the 18th–19th century. According 
to historical information, the first urban municipal 
cemetery was founded at the stronghold in 1791, 
but due to the lack of space, a new cemetery was 
established in 1811 at another location. Consequent-
ly, the municipal cemetery at the stronghold was 
abandoned and forgotten [34, 54]. This means that 
all examined human remains were buried within 
a 20 year timeframe (Fig. 1).
The Radom Cemetery collection curated at the 
Department of Human Ecology at Cardinal Stefan 
Wyszynski University (Warsaw, Poland).
A total of 34 individuals of both sexes were ex-
amined. We do not separated material due to the 
demographic structure to avoid small sample sizes 
making the interpretation of the results difficult. 
Consideration was limited to first maxillary premo-
lars (n = 41), first maxillary molars (n = 43) and first 
mandibular molars (n = 55). A total of 139 teeth were 
examined (Table 1).
An exhaustive selection of teeth was carried out. 
Only the well-preserved teeth, which could be verified 
by crown and root morphology, were included in 
the study. It is known fact that the dental wear can 
affect the pulp chamber shape or the course of root 
Figure 1. Location map of the study area.
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canals [13, 15]. Therefore, the scores of mechanical 
dental attrition of posterior teeth were based on the 
scale proposed by Smith [45] (wear scoring system 
for premolars) and Scott [40] (wear scoring system 
for molars). These scales are commonly used in bi-
oarchaeological studies. The three classes of dental 
wear were separated according to the degree of 
dentin exposure: 
 — wear facets that are invisible or very small (Smith’s 
scale, No. 1–2; Scott’s scale, No. 1);
 — wear facets that are moderately advanced (Smith’s 
scale, No. 3–4; Scott’s scale, No. 2–5);
 — wear facets that are highly advanced (Smith’s 
scale, No. 5–8; Scott’s scale, No. 6–10).
Teeth with highly advanced dental attrition were 
excluded from further analysis.
We chose only permanent teeth with completely 
developed roots without any traces of damage or 
some diseases (e.g., post-mortem damage, caries 
lesions or taurodontism dentinal dysplasia). Root 
fractures or cracks were ruled out by further studies. 
We examined the teeth embedded in the alveolar 
bone. All the first maxillary premolars, first molars 
and first mandibular molars that fulfilled this require-
ment included the study sample. The analysed sample 
may seem too small; however, it should be kept in 
mind that just a small part of unique historical dental 
material have remained to present day. Moreover, the 
available studies of teeth root canal systems in historical 
populations were based on a similar sample size [11, 
35]. According to Turner et al. [51] we assume a sepa-
rate root as has one-quarter to one-third of the total 
root length independent of the others. An individual 
root canal was defined as a separate orifice found on 
the floor of the pulp chamber [30].
Cone-beam computed tomography (CBCT) analy-
sis was performed separately for each root, and all vis-
ible canals were marked. The prepared samples were 
placed onto the bite plane of a Scanora 3Dx (Soro-
dex, Finland), with the following parameters for each 
exposition as: 90 kV, 10 mA, field of view (FOV) 
50 × 100 mm (for mandible and maxilla analysed to-
gether) and 80 × 165 mm (for mandible or maxilla an-
alysed separately), voxel size 0.2 mm and 0.15 mm and 
dose area product 442 mGy/cm2 and 1333 mGy/cm2, 
respectively, for each FOV. Scans were taken in ac-
cordance with the manufacturer’s recommended 
protocol.
The selected method is non-invasive and does not 
damage the historical material. Images were exam-
ined with the OnDemand3D Application (Cybermed, 
Daejeon, Korea) and were assessed on medical display 
(14-bit NEC MDview 243). The following features 
were analysed: the number of roots, the number of 
Table 1. Total number of selected teeth and their roots used in this study
No. teeth* No. individuals No. teeth No. roots Root type No. of roots
14, 24 41 41
1 Single (S) 17
2 Buccal (B) 22
Palatal (PAL) 22
3 Mesiobuccal (MB) 2
Distobuccal (DB) 2
Palatal (PAL) 2
16, 26 43 41
2 Mesiobuccal (MB) 4
Distobuccal+Palatal 
(DB+PAL)
4
3 Mesiobuccal (MB) 39
Distobuccal (DB) 39
Palatal (PAL) 38
36, 46 55 55
2 Mesial (M) 54
Distal (D) 53
3 Mesial (M) 1
Distobuccal (DB) 1
Distolingual (DL) 1
*Numeration according to Fédération Dentaire Internationale (FDI) 
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root canals and the canal configuration. The pres-
ence of root canal systems was diagnosed in three 
projections: coronal, sagittal and axial scans to fa-
cilitate the interpretation. The type of root canal 
systems in the Radom group were classified in each 
tooth root separately. All experimental procedures in 
this research were performed in the Dentomaxillofa-
cial Radiology Department of the Medical University 
in Warsaw.
All scans were evaluated by two independent 
researchers (AP, PR). Any disagreement was discussed 
until a consensus was reached. To compare the re-
sults, observations of 30 teeth (10 one-rooted teeth, 
10 two-rooted teeth, and 10 three-rooted teeth) were 
carried out. Reliability observations between the two 
investigators were assessed with the Spearman’s rank 
correlation coefficient. Differences with p ≤ 0.05 were 
considered statistically significant. Statistical analyses 
were performed using the R Project for Statistical 
Computing [37]. 
RESULTS 
A total of 34 CBCT images in different projection 
of maxillary first premolars, first molars and mandib-
ular first molars were analysed. The number of roots, 
root canals and the type of root canal configurations 
were evaluated (Table 2).
Among 41 maxillary first premolars, 41% (17/41) 
had one root, 54% (22/41) had two roots and 5% 
(2/41) had three roots. The number of canals ranged 
from one to three in different variants. The incidence 
of one canal in the present study in one-rooted max-
illary premolars was 12% (2/17), two canals joined 
to one was 29% (5/17), two canals was 53% (9/17) 
and type 1-2-1-2 was 6% (1/17). In two-rooted max-
illary first premolars, majority buccal roots (91%) 
and all palatal roots had a one root canal. A similar 
situation was observed in three-rooted maxillary first 
premolars. 
In first maxillary molars, two-rooted teeth consti-
tuted 9% (4/43), whereas three-rooted constituted 
91% (39/43) of 43 teeth. In two-rooted teeth, all 
masiobuccal roots present type 2-1 canal configura-
tions, while fused roots (DB+PAL) are characterised 
by two canals. In three-rooted maxillary first molars 
in the mesiobuccal root, the most common root canal 
configuration is type 2-1 (72%). In the distobuccal and 
palatal roots, one canal occurred in all cases.
Fifty-five mandibular first molars occurred in two- 
and three-rooted form (98%, 54/55 and 2%, 1/55, 
respectively). The mesial root in two-rooted form 
showed great variability in morphological diversity, 
the most common types of canal configurations were 
two and two joined into one canal (59%, 32/54 and 
Table 2. Root canal configurations in each type of root in selected material from Radom
No. teeth* No. roots Type of 
canal
No. of 
roots
1 2-1 1-2-1 2 1-2 2-1-2 1-2-1-2
14, 24 1 S 17 2 (12%) 5 (29%) – 9 (53%) – – 1 (6%)
2 BUC 22 20 (91%) – – – 2 (9%) – –
PAL 22 22 (100%) – – – – – –
3 MB 2 2 (100%) – – – – – –
DB 2 2 (100%) – – – – – –
PAL 2 2 (100%) – – – – – –
16, 26 2 MB 4 – 4 (100%) – – – – –
DB+PAL 4 – – – 4 (100%) – – –
3 MB 39 5 (13%) 28 (72%) – 4 (10%) – 2 (5%) –
DB 39 39 (100%) – – – – –
PAL 38 38 (100%) – – – – –
36, 46 2 M 54 1 (2%) 21 (39%) – 32 (59%) – – –
D 53 35 (66%) 9 (17%) 5 (9%) 3 (6%) 1 (2%) – –
3 M 1 1 (100%) – – – – – –
DB 1 1 (100%) – – – – – –
DL 1 1 (100%) – – – – – –
*Numeration according to Fédération Dentaire Internationale (FDI); abbreviations — see Table 1
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39%, 21/54, respectively). The distal root was char-
acterised mostly by one root canal (66%). Each root 
from three-rooted mandibular first molars depicted 
one root canal. Examples of the observed types of 
root canals are presented in Figure 2. 
DISCUSSION
There is a wide range of variation depicted in the 
literature with respect to frequency of occurrence of 
the number of roots and root canals [13, 28]. In the 
case of anatomical variations’ occurrence, several dif-
ferentiating factors such as sex [3, 22] and geography 
[5, 7] play a role. Morphological dental traits are also 
slightly affected by environmental factors [42]. Teeth 
root canals are responsive to changes over the years 
due to physiological or pathological incidents, such 
as natural physiological ageing, periodontal disease, 
occlusal trauma or carious lesions [19, 23]. It has been 
suggested that the configurations and number of root 
canals are predominantly determined by the physio-
logical deposition of secondary dentine contributing 
to a reduction of the pulp chamber size and root canal 
diameter [15]. Usually in young individuals roots in 
teeth have single, large canal. With age, deposition 
of secondary dentine leads to the origination of com-
partments. This often evokes wide differentiation of 
the root canal system resulting in the development of 
separate canals and transverse connecting systems. 
However, the rate of progress of secondary dentine 
deposition differentiating the canal system is variable 
[33, 48]. Age changes in canal morphology has not 
been commonly studied in detail and information 
are unsatisfactory [15, 31]. They have limitations, 
including small sample sizes [18, 29], limited groups 
of teeth [31], or a restricted methodology such as 
identification of extra root canals during root canal 
treatment or using periapical radiographs [48]. Even 
when combining the available data, it is not possi-
ble to gain an overall understanding of the changes 
within the root canal system configuration over time, 
because many groups of teeth not been studied using 
CBCT technology. Another limitation which makes 
Figure 2. Examples of several types of root canal configurations; A. Type 1; B. Type 2-1; C. Type 1-2-1; D. Type 2; E. Type 1-2; F. Type 2-1-2.
A B C
D E F
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a global conclusion more difficult is the fact that most 
of the studies arise from different research groups using 
different population backgrounds. Thus, the age-related 
changes in root canal anatomy remains underexplored 
[26]. More detailed examination using a more precise 
method to visualise the root canal system is necessary 
to make a tough conclusion about these changes [33].
Furthermore another factor affecting the variabil-
ity of root canals is ethnicity [6, 22]. It is well-known 
that root and especially canal morphology differ 
greatly between populations, within populations and 
even within the same individuals [3, 33]. Therefore, 
variations in the shape and number of root canals in 
populations appear to be genetically determined [24]. 
In endodontics, a lack of comprehensive knowledge 
about the anatomy of root canal systems might con-
tribute to treatment failure. However, in bioarchaeo-
logical research, thorough knowledge about the inner 
morphology of tooth roots may be helpful in tracing 
the ethnic origin of the populations [2]. Due to these 
possibilities and lack of anthropological studies, we 
can only call for further research on this topic.
According to current data, the greatest variabil-
ity and complexity regarding the intricate anatomic 
configuration of root canal systems is exhibited by 
maxillary first premolars and maxillary and mandib-
ular first molars [1, 2, 12]. Unfortunately, there are 
no published reports on the variability of root canals 
in these teeth in archaeological material. It means 
that the sample from Radom is archaeologically the 
first material from Poland analysed in the context of 
historical tooth root canal system morphology. For 
this reason, several contemporary studies from Poland 
have been selected as comparison material (Table 3).
Usually, maxillary first premolars have two roots 
and in most cases two canals (73–95%), although 
teeth with one or three root canals (with one canal in 
each root) do often exist (8–26% and 0–6%, respec-
tively). According to different authors, three canals 
occurred between 0.5 and 7.5% of the time [2, 47]. 
In our study, the most common type of maxillary first 
premolar is the two-rooted form (54%). One-rooted 
type occurred with less frequency (41%). These find-
ings correspond with the endodontic study regarding 
the north-western Poland groups (75% and 16%, 
respectively) [25]. The lower number of teeth from 
Radom caused the prevalence of variation of canal 
roots to be lower than in the case of studies from 
contemporary Poland. The numbers of root canals 
in the first premolars of the maxilla from Radom 
ranged from one to three. A majority of them (88%) 
had two root canals. Similar prevalence of the oc-
currence of two canals was noted in the study from 
north-western and south-eastern Poland (89% and 
91%, respectively) [25, 38]. The presence of three or 
one root canals was much lower in the three analysed 
groups. In the teeth collected from Radom three 
root canals appeared with the lowest frequency in 
comparison to other groups from Poland. One root 
canal was presented with a lower frequency in our 
study than in teeth from north-western Poland (7% 
and 2%, respectively) [25].  
Table 3. The comparison of morphology of Radom (18th–19th) teeth root canals and other Poland contemporary groups
Radom 18th–19th North-western Poland 
(modern)
South-eastern Poland 
(modern)
Central Poland 
(modern)
No. teeth* 14, 24 16, 26 14, 24 14, 24 16, 26
No. teeth 41 43 142 55 185
Method of visualisation used CBCT CBCT Radiography Radiography CBCT
No. roots (%) 1: 41% 1: 16% Lack of information
2: 54% 2: 9% 2: 75%
3: 5% 3: 91% 3: 9% 3: 100%
One canal (%) 7% 2%
Two canals (%) 88% 89% 91%
Three canals (%) 5% 14% 9% 9% 40%
Four canals (%) 86% 60%
References Current research Lipski et al., 2005 Różyło et al., 2008 Olczak and Pawlicka, 2017
*Numeration according to Fédération Dentaire Internationale (FDI); CBCT — cone-beam computed tomography
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In first maxillary molars it is generally accepted 
that the most common form of this tooth has three 
roots and four root canals [12]. In each distobuccal 
and palatal root there is usually a single canal. How-
ever, the majority of the mesiobuccal roots have two 
canals, which is consistent with the broad buccolin-
gual dimension of the mesiobuccal root and linked 
concavities on its mesial and distal surface. A second 
mesiobuccal canal (MB2) occurs commonly, with 
a frequency of 18–96% [10]. In our study, the majority 
of the first maxillary molars have three roots (91%), 
while 9% of teeth have two roots. The prevalence 
of occurrence of three roots was slightly lower than 
in the group from central Poland, where it reached 
100%. In these teeth, numbers of root canals ranged 
from three to four. Both in the group from Radom and 
in central Poland four root canals occurred in more 
cases (86% and 60%, respectively). Additional canals 
(MB2) in the mesiobuccal roots were detected signif-
icantly more frequently in the teeth collected from 
Radom (86%) than in the teeth from central Poland 
(60%). The presence of three root canals in maxillary 
first molars was much lower in the Radom group 
(14%) than in the comparative study (40%) [32].
The mandibular first molar in typical two-rooted 
form contained either three or four canals. Most 
commonly, the mesial root contains two principle 
canals, in 60% of cases ending in two distinct apical 
foramina, and in 40% of cases end in one foramen. 
The distal root in two common canal configurations 
may contain a single kidney-shaped root canal or may 
contain two separate canals, the distobuccal (DB) 
and the distolingual (DL) [1, 4]. However, according 
to some authors, four root canals may be also found 
in 25–29% of cases [8]. In our research, almost all 
the mandibular first molars have two roots. Three 
root canals occurred in 73% of teeth. With less fre-
quency, four root canals appeared (22%). In 5% of 
teeth there was a lack of one root (mesial or distal). 
Unfortunately, in this respect there are no modern 
data currently available from the region of Poland 
concerning diversity of root canals in mandibular 
first molars, whereas there are endodontic studies 
from areas geographically and ethnicity distant from 
Poland. However, comparison of our material with 
them may not result in reliable effects. For this reason, 
the gathered results from our study were compared 
with data concerning morphological diversity in first 
mandibular molars. Hess and Zurcher [17] reported 
that the prevalence of three root canals in mandibular 
permanent molar teeth was 78%, whereas Skidmore 
and Bjorndahl [44] noted that the prevalence of four 
root canals is approximately 29% of first molars in 
the mandible. According to these studies, the pre-
dominant number of root canals in 18th–19th Radom 
teeth is similar to the usually occurring main root 
canal number noted in the literature (73 and 22%, 
respectively). 
Significant variability in root canal morphology 
between the population from Radom analysed in this 
study and contemporary populations from Poland 
has not been noticed. Despite the population inflow, 
this feature has not undergone significant modifi-
cations. It can be suspected, that due to short time 
distance between these groups and even migratory 
movements, variations in root canal systems did not 
change much. However, our assumptions should be 
checked based on genetic studies.
The canals in the root may reveal many variations 
in their configurations. According to this, various re-
searchers proposed numerous classification systems 
based on the number and morphology of root canals 
in each type of tooth, depending on the teeth used in 
research and the group from which these teeth were 
obtained [16, 43, 52]. However, there is a lack of unity 
in the multiplicity of existing classification systems. 
Because our research is the first in bioarchaeological 
science to examine this issue and the existing classi-
fication systems were developed on modern dental 
material, we did not use any of them. So that the 
choice would not be accidental, we did not want 
to limit the gathered results to one classification. 
Moreover, one specific method of classification could 
not match our material. However, it seems that the 
morphological diversity of root canal systems from 
Radom was most similar to the Vertucci [52] classifi-
cation. According to this classification, the incidence 
of type I canals in one-rooted maxillary premolars was 
12% (2/17), type II was 29% (5/17), type IV was 53% 
(9/17) and type VII was 6% (1/17). In two-rooted max-
illary premolars in buccal roots, mostly type I canal 
configurations occurred (91%). All the palatal roots 
and three-rooted maxillary first premolars present 
type I canals. In two-rooted maxillary first molars, all 
the mesiobuccal roots present type II canal configu-
rations, while fused roots (DB+PAL) present type IV 
canal configurations. From three-rooted maxillary first 
molars in the mesiobuccal root, the most common 
root canal configuration is type II (72%). In disto-
buccal and palatal roots, type I canal configuration 
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occurred in all cases. In mandibular first molars, the 
most common types of canal configurations were 
IV and II (59% (32/54) and 39% (21/54), respectively). 
The distal root was characterised mostly by type I root 
canal configurations (66%). Three-rooted mandibular 
first molars depicted type I root canals. 
According to the above data, teeth used in our 
study are similar to teeth from other Polish regions 
in terms of the most common number of roots and 
the most typical root canal numbers. The observed 
discrepancies are probably secondary to the degree of 
anatomical variation between the groups examined. 
CONCLUSIONS
Knowledge about the variation of root canals is 
important not only from the point of view of endo-
dontic treatment. It can also be interesting in studies 
of the population of past periods. The diversity of root 
canals may provide important information relating to 
the direction of migration and genetic relationships. 
In this respect, the analyses carried out show the simi-
larity between the population of the 18th–19th century 
from Radom with other groups from modern Poland.
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